The final warming date of the polar vortex is a key component of 
changes in final warming date may be sensitive to the position of the model 84 top, which is often located near or below 1 hPa in models. Here, we attempt 85 to quantify the effect of external forcings on SH final warming date, and the 86 sensitivity of any projected changes to the position of the model top.
2 Data and Methods

88
The aim of this study is to identify robust changes in SH final warming date, 89 their drivers, and their potential sensitivity to the position of the model top.
90
The fifth Coupled Model Intercomparison Project (CMIP5) provides a unique 91 opportunity to analyse the response of a large number of models to the same 92 future greenhouse gas scenarios. CMIP5 also includes a substantial number of
93
'high-top' models, which have an explicit representation of the stratosphere. and are referred to throughout by the name of the relevant future pathway.
112
Although a recommended ozone time series was compiled for CMIP5 (Cionni 113 et al., 2011), only three of the models used in this study are forced with these However, the turning points are comparable across the categories (Figure 1(b) ).
128
The aim of this study is to identify the drivers of robust projections in SH final 129 warming date, which will depend on the forcings, and the response to them, hav- those calculated using daily data (see Figure 2 ). old results in non-identification of a FWD for some years in the historical period.
177
As scenarios with large forcing will be considered, with N E n degrees of freedom, where E n is the mean of E n when the number the energies is Gaussian. The spread lines can then be approximated by
(1) where x = ln T n , T n is the mean period, and k is a constant from the percentiles (Table 2) . For all periods shown in Figure 4 , the 284 mean FWD from the low-top ensemble is around a week later than that from 285 the high-top ensemble (Table 2) .
286
The FWD from the low-and high-top ensemble is shown in Figure 6 for is now adjusted to the 1860-1900 mean to assist discussion of the change in
303
FWD across the models. In Figure 7 , an 11-year running mean has also been 304 applied, which removes high frequency inter-annual variability, without obscur- The primary drivers of changes in FWD are anticipated to be changes in strato-326 spheric ozone and well-mixed greenhouse gas concentrations. These changes will 327 occur on different timescales, and have different functional forms in the time-
328
series. As such, their signature can be expected to be seen in different IMFs.
329
Increasing greenhouse gases are expected to be linked to a delay in the FWD,
330
while the depletion and recovery of stratospheric ozone will produce a delay fol- it is anticipated that changing ozone concentrations will be the primary driver for the low-and high-top ensemble mean respectively. This is a reflection of 403 the more consistent cross-model behaviour seen in the high-top models (e.g.
404
Figure 8).
405
There is little difference between RCP4.5 and RCP8.5 in the statistics relat-
406
ing to the ozone index (Table 3) . The more influential role of GHGs in RCP8.5 from white noise are the same, and their structure is qualitatively unchanged.
430
The results of the multiple linear regression analysis without the MIROC 431 10 models is shown alongside the results for the whole ensemble in Table 3 . As index. Such changes can be seen in both the RCP4.5 and RCP8.5 case (Table 3) .
446
These changes are marked enough to decrease the significance of the relationship 447 between stratospheric ozone and RCP8.5 FWD, and of the relationship between 448 RCP4.5 FWD and GHG.
449
As one would expect, removing the MIROC models from the analysis does 
